ATLAS Pixel Detector is the Insertable B-Layer (IBL), just installed in May 2014 in the core of the detector itself. Two diffe nar n-in-n and 3D, were used, connected with the new generation 130nm IBM CMOS FE-I4 readout chip via solder bum l tests were set up to verify and rate the performance of the modules before integration onto staves. An overview of mo ality control results and production yield will be discussed, as well as future developments foreseen for future detector u
The IBL staves are populated in the centre with double-chip planar sensor modules and in the forward with single-chip 3D sensors. be avoided by reducing the trigger rate. Table 2 shows results of studies of the bandwidth limits for nominal luminosity and 100 kHz level 1 trigger rate. These studies used a simulation of the readout architecture of the MCC [9] (2002) with 23 minimum bias interactions plus b-jets from decay of a 120 GeV Higgs. For this study, the simulated FE-I3 front-end chip was considered "ideal", with infinite buffer size and internal bandwidth. The results in the column labeled MCC bandwidth show that at two or more times nominal luminosity, all Pixel layers will be vulnerable to data loss, as the usage of the MCC bandwidth becomes large. The B-layer is already equipped with two 80 Mb/s output links per MCC; consequently, no remedial action is possible to avoid data loss. (Note that data loss in Layer 2 could be avoided by increasing its MCC output rate to 80 Mb/s and doubling the number of ROD Bandwidth limitations at the output of the ROD lcan so be eliminated by increasing the number of RODs) The IBL is designed without this bandwidth limit, and it will provide additional hits that will substitute for lost B-layer hits when the B-layer output links saturate.
Status of the present Pixel detector
Irreparable failures in the Pixel detector inevitably appear over time and can impact tracking and vertexing performance. Failures can affect single channels, or they can impact larger portions of the detector, for instance entire modules or all of the modules on a failed cooling loop. recomputed using tt events. Figure 26 shows the weight for the combination of the IP3D and SV1 tagging variables (IP3D+SV1). This tagger combines the rather independent information from the impact parameter measurements with information about secondary vertex properties in the jet. Figure 27 shows the rejection factor for light jets as a function of the efficiency for b jets, obtained by varying the cut on the jet weight obtained from IP3D alone and from the combination of IP3D+SV1. The results are obtained using tt events without pileup. Jets used for this study have p T > 15 GeV, h < 2.5 and at least one track associated to the vertex satisfying the b-taggingquality criteria. As expected from the improved impact parameter resolution with IBL, a significant improvement in the rejection of light jets at fixed b efficiency is observed. Table 6 summarizes the very significant improvements in light jet rejection for the benchmark b efficiency of 60%. The c jet rejection factors using IP3D or IP3D+SV1 are nearly unchanged as those taggers are tuned to reject light jets. Specialized taggers need to be developed exploring the differences in b and c hadron lifetimes and decay properties to fully benefit from the improved resolution with IBL.
Tracking, Vertexing and b Tagging Performance with IBL at Phase I Luminosities
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IBL construction

3D Sensors Production Trend
Planar Sensors Production Trend IBL modules production had good yield 75%for planars and 62% for 3D modules) and the insertion of the IBL has been crucial to maintain excellent performance of the ATLAS vertex detector and compensate possible inefficiencies of the old three layer Pixel Detector.
I V
The selected sensor and electronics wafers are sent by the foundries (FBK, CNM, CiS) to Fraunhofer IZM Institut (Berlin) to be diced and flip-chipped with SnAg solder bump-bonding. The final assembly is done at INFN Genova and in Bonn laboratories: a flex hybrid with passive components is glued on the back of the sensors and wire-bonds are done to establish the connection to the services. Then modules are qualified and shipped to University of Geneva where the final stave assembly is performed. ATLAS IBL modules will need to operate for several years at the LHC, in a very harsh radiation environment, with no opportunity to repair channels developing a failure. To ensure good performance, all components follow a strict quality assurance (QA) during the production and all along the module loading, assembly and wire bonding operations.
PLANAR SENSORS ATLAS PIXEL SENSOR DESIGN:
16 guard rings covering a width of about 600 µm and the 500 µm safety margin are adding up to an overall inactive edge of 1100 µm between the edge pixels and the cutting edge.
IBL DESIGN:
The number of guard rings is decreased to 13 and the safety margin is reduced to ∼ 90 µm. The edge pixels are extended to 500 µm length so that one half of them is placed opposite the guard rings. 
FBK -
The column electrodes traverse the full bulk thickness, requiring p-spray isolation on both sides. The bias-and read-out electrodes are left unfilled after doping. At the sensor edge are guard fence posts, these are rows of ohmic columns that prevent the depletion region from reaching the dicing region.
3D SENSORS
CNM -Columns do not traverse the substrate but stop at a short distance from the surface of the opposite side, furthermore the isolation implantation between the n + columns at the surface are made with the implantation of p-stops on the front size. The slim edge guard ring design in CNM sensors is made using the combination of a n + 3D guard ring that is grounded, and fences that are at the bias voltage from the ohmic side. 
Not reviewed, for internal circulation only
The first upgrade of the ATLAS Pixel Detector is the Insertable B-Layer (IB sensor technologies, planar n-in-n and 3D, were used, connected with the Production quality control tests were set up to verify and rate the performa and construction, the quality control results and production yield will be di be avoided by reducing the trigger rate. Table 2 shows results of studie for nominal luminosity and 100 kHz level 1 trigger rate. These studies readout architecture of the MCC [9] (2002) with 23 minimum bias int decay of a 120 GeV Higgs. For this study, the simulated FE-I3 front "ideal", with infinite buffer size and internal bandwidth. The results in bandwidth show that at two or more times nominal luminosity, all Pixel to data loss, as the usage of the MCC bandwidth becomes large. The B with two 80 Mb/s output links per MCC; consequently, no remedial a data loss. (Note that data loss in Layer 2 could be avoided by increasin 80 Mb/s and doubling the number of ROD Bandwidth limitations at th so be eliminated by increasing the number of RODs) The IBL is design limit, and it will provide additional hits that will substitute for lost B-la output links saturate.
Status of the present Pixel detector
Irreparable failures in the Pixel detector inevitably appear over time an vertexing performance. Failures can affect single channels, or they can im detector, for instance entire modules or all of the modules on a failed co the type and number of failures from installation (July 2007) to prese according to the affected component. Only failures within the detector vo The five classes are, in order of size of impact:
• Cooling loop: a cooling loop hard failure that requires powering of failures that have been experienced during the integration of the cur of aluminum cooling pipes and leakage at the fittings. A cooling lo -14 -10 34
2×10 34
The ATLAS Pixel detector is the innermost part of the ATLAS detector. It provides charged particle tracking with high efficiency over a wide angle range. In the LHC Run2 (2015-), with high beam energy and high luminosity the event pileup is increased, leading to high occupancy that can induce readout inefficiencies. In order to preserve tracking performance, a fourth layer of the Pixel detector called recomputed using tt events. Figure 26 shows the weight for the combination of the IP3D and SV1 tagging variables (IP3D+SV1). This tagger combines the rather independent information from the impact parameter measurements with information about secondary vertex properties in the jet. Figure 27 shows the rejection factor for light jets as a function of the efficiency for b jets, obtained by varying the cut on the jet weight obtained from IP3D alone and from the combination of IP3D+SV1. The results are obtained using tt events without pileup. Jets used for this study have p T > 15 GeV, h < 2.5 and at least one track associated to the vertex satisfying the b-taggingquality criteria. As expected from the improved impact parameter resolution with IBL, a significant improvement in the rejection of light jets at fixed b efficiency is observed. Table 6 summarizes the very significant improvements in light jet rejection for the benchmark b efficiency of 60%. The c jet rejection factors using IP3D or IP3D+SV1 are nearly unchanged as those taggers are tuned to reject light jets. Specialized taggers need to be developed exploring the differences in b and c hadron lifetimes and decay properties to fully benefit from the improved resolution with IBL.
Tracking, Vertexing and b Tagging Performance with IBL at Phase I Luminosities
The instantaneous luminosity during Phase I is expected to exceed 2 ⇥ 10 34 cm 2 s 1 . In-time and out-of-time pileup influence the detector response in many ways as the LHC luminosity increases.
b tagger
Without IBL With IBL Ratio IP3D 83 ± 1.5 147 ± 3.4 1.8 IP3D+SV1 339 ± 12 655 ± 32 1.9 Table 6 . Rejection of light jets in tt events without pileup for b efficiency of 60%.
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